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(57) Disclosed are an electrode assembly configured
to have a structure in which a plurality of positive elec-
trodes and a plurality of negative electrodes are alter-
nately stacked, wherein positive electrode tabs and neg-
ative electrode tabs protrude from a one-side outer edge
or opposite-side outer edges of the positive electrodes
and the negative electrodes, respectively, the positive
electrode tabs and the negative electrode tabs are con-
nected to electrode leads in the state of being coupled
to each other between identical electrodes in order to
form bundles of electrode tabs, each of the bundles of
electrode tabs includes a first surface connected to a
corresponding one of the electrode leads and a second
surface opposite the first surface, the first surface in-

[ F16. 5]

0 170

-~

\

cludes a plurality of first pressure welding portions and
a plurality of first non-pressure welding portions exclud-
ing the first pressure welding portions, the second sur-
face includes a plurality of second pressure welding por-
tions and a plurality of second non-pressure welding por-
tions excluding the second pressure welding portions,
and the area of one of the first pressure welding portions
is less than the area of one of the second pressure weld-
ing portions, an ultrasonic welding apparatus configured
to manufacture the same, a secondary battery including
the electrode assembly, and a method of manufacturing
the same, i.e. technology capable of increasing force of
coupling between each of the bundles of electrode tabs
and a corresponding one of the electrode leads.
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Description
[Technical Field]

[0001] This application claims the benefit of priority to
Korean Patent Application No. 2019-0013308 filed on
February 1, 2019, the disclosure of which is hereby in-
corporated by reference herein its entirety.

[0002] The present invention relates to an electrode
assembly configured such that pressure welding portions
of electrode tab welding portions have different sizes and
an ultrasonic welding apparatus configured to manufac-
ture the same, and more particularly to technology ca-
pable of increasing the force of coupling between a bun-
dle of electrode tabs and an electrode lead by differently
setting the shape of opposite welding portions of the bun-
dle of electrode tabs.

[Background Art]

[0003] The demand for secondary batteries as energy
sources of electronic devices, such as mobile phones,
laptop computers, and wearable devices, electric vehi-
cles, etc. has increased. Depending on the kind of an
electrode, secondary batteries are classified into a nickel-
cadmium secondary battery, a nickel metal hydride sec-
ondary battery, and a lithium secondary battery, and re-
search and development have been actively conducted
on the lithium secondary battery, which has advantages
of high operating voltage and high energy density per
unit weight.

[0004] Depending on the shape of a battery case, the
lithium secondary battery is classified as a can-shaped
secondary battery or a cylindrical secondary battery, con-
figured such that the electrode assembly is mounted in
a metal can, or a pouch-shaped secondary battery, con-
figured such that the electrode assembly is mounted in
a pouch case made of an aluminum laminate sheet.
[0005] The electrode assembly may be a stacked type
electrode assembly having a structure in which flat elec-
trodes having electrode tabs protruding from one side or
opposite sides thereof are stacked, and the electrode
tabs in the stacked state are coupled to an electrode lead
in the state of forming a bundle of electrode tabs in order
to constitute an electrode terminal.

[0006] Atthe time of welding to form the bundle of elec-
trode tabs, however, welding defects may occur. For ex-
ample, portions at which the electrode tabs are not com-
pletely coupled to each other in tight contact and are sep-
arated from each other are formed, or pores may be
formed in welding portions.

[0007] Forexample, in the case in which laser welding
is performed above a space formed between the bundle
of electrode tabs and the electrode lead or laser welding
is performed above the portions at which the electrode
tabs are separated from each other in order to connect
the bundle of electrode tabs to the electrode lead, welding
defects may occur, since the laser welding is performed
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in the state in which pores are formed therein. Also, in
order to prevent this problem, accuracy may be required
in the process of positioning laser welding portions.
[0008] In connection therewith, Patent Document 1
discloses a secondary battery configured such that weld-
ing point density of the welding joint surface of each of a
positive electrode lead connected to positive electrode
tabs and a negative electrode lead connected to negative
electrode tabs has different values depending on the po-
sition thereof.

[0009] Specifically, Patent Document 1 increases me-
chanical strength of a welding portion by forming the
welding point density of the welding joint surface such
that the welding point density at each of opposite sides
thereof is higher than the welding point density at the
middle thereof, but uses ultrasonic welding in order to
connect the electrode tabs and the electrode lead to each
other, and does not suggest a method of removing a
space formed between the electrode tabs and the elec-
trode lead when connecting the electrode tabs and the
electrode lead to each other using laser welding.
[0010] Patent Document 2 discloses a sheet-shaped
secondary battery configured such that, at a connection
portion between a positive electrode lead and a plurality
of sheet-shaped positive electrodes and a connection
portion between a negative electrode lead and a plurality
of sheet-shaped negative electrodes, the plurality of
sheet-shaped positive electrodes and the plurality of
sheet-shaped negative electrodes are connected to the
positive electrode lead and the negative electrode lead
in the state of being stacked thereon, and at the same
time a conductive connection protective layer is formed
therebetween.

[0011] Patent Document 2 prevents damage to the
sheet-shaped electrodes by including the connection
protective layer, but does not disclose technology capa-
ble of preventing welding defects between the electrode
tabs and the electrode lead.

[0012] Patent Document 3 relates to an ultrasonic join-
ing apparatus configured to increase strength of a joint
portion of a material to be joined after ultrasonic joining
and a joining structure, wherein gripping force at the out-
side is set so as to be less than gripping force at the
inside at a gripping region of the material to be joined by
an anvil and a horn.

[0013] PatentDocument4 discloses an ultrasonic horn
including a first protrusion line formed in a first direction
and a second protrusion line formed in a second direction
at protrusions formed on the pressurizing surface of the
ultrasonic horn.

[0014] However, in Patent Document 3, indentations
of the outer portions of the opposite sides of the material
to be joined are formed in symmetry, and Patent Docu-
ment 4 discloses only the structure of the ultrasonic horn.
[0015] Therefore, there is a high necessity for technol-
ogy capable of increasing the force of coupling between
a bundle of electrode tabs and an electrode lead by over-
lapping a portion that connects the bundle of electrode
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tabs and the electrode lead to each other and a welding
portion of the bundle of electrode tabs with each other.

(Prior Art Document)
[0016]

- Patent Document 1 Korean Patent Application Pub-
lication No. 2012-0130958 (2012.12.04)

- Patent Document 2 Korean Patent Application Pub-
lication No. 2008-0005097 (2008.01.10)

- Patent Document 3 Korean Patent Application Pub-
lication No. 2006-0087419 (2006.08.02)

- Patent Document 4 Korean Patent Application Pub-
lication No. 2014-0110353 (2014.09.17)

[Disclosure]
[Technical Problem]

[0017] The present invention has been made in view
of the above problems, and it is an object of the present
invention to provide an electrode assembly configured
such that a coupling portion between a bundle of elec-
trode tabs and an electrode lead is formed so as to over-
lap a pressure welding portion of the bundle of electrode
tabs, whereby it is possible to prevent the occurrence of
welding defects and an ultrasonic welding apparatus con-
figured to manufacture the same.

[Technical Solution]

[0018] In order to accomplish the above object, a first
embodimentof the presentinvention may be an electrode
assembly configured to have a structure in which a plu-
rality of positive electrodes and a plurality of negative
electrodes are alternately stacked, wherein positive elec-
trode tabs and negative electrode tabs may protrude from
a one-side outer edge or opposite-side outer edges of
the positive electrodes and the negative electrodes, re-
spectively, the positive electrode tabs and the negative
electrode tabs may be connected to electrode leads in
the state of being coupled to each other betweenidentical
electrodes in order to form bundles of electrode tabs,
each of the bundles of electrode tabs may include a first
surface connected to a corresponding one of the elec-
trode leads and a second surface opposite the first sur-
face,

the first surface may include a plurality of first pressure
welding portions and a plurality of first non-pressure
welding portions excluding the first pressure welding por-
tions, the second surface may include a plurality of sec-
ond pressure welding portions and a plurality of second
non-pressure welding portions excluding the second
pressure welding portions, and

the area of one of the first pressure welding portions may
be less than the area of one of the second pressure weld-
ing portions.
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[0019] Also, in a second embodiment, the vertical sec-
tion of each of the first pressure welding portions and the
second pressure welding portions may be formed in the
shape of at least one of a trapezoid, a rectangle, a sem-
iellipse, a semicircle, and a combination thereof.

[0020] Also, in a third embodiment, the vertical section
of each of the first pressure welding portions and the
vertical section of each of the second pressure welding
portions may be different in shape from each other.
[0021] Also, in afourth embodiment, the maximum sur-
face-side diameter of each of the first pressure welding
portions in vertical section may be less than the maximum
surface-side diameter of each of the second pressure
welding portions in vertical section.

[0022] Also, in a fifth embodiment, the distances be-
tween the first pressure welding portions and the distanc-
es between the second pressure welding portions may
be uniformly formed.

[0023] Also, in a sixth embodiment, the entire area of
the first pressure welding portions of the first surface may
be less than the entire area of the first non-pressure weld-
ing portions of the first surface.

[0024] Also, inaseventhembodiment, each ofthe bun-
dles of electrode tabs may be connected to a correspond-
ing one of the electrode leads by laser welding, and laser
welding portions may be formed at portions that overlap
the second pressure welding portions.

[0025] Also, in an eighth embodiment, the area of one
of the laser welding portions may be greater than the
area of one of the first pressure welding portions, and
may be less than the area of one of the second pressure
welding portions.

[0026] Also, as aninthembodiment, the presentinven-
tion may provide an ultrasonic welding apparatus config-
ured to manufacture the electrode assembly, wherein the
ultrasonic welding apparatus may include a horn config-
ured to apply ultrasonic waves while pressurizing the up-
per surface of the electrode assembly and an anvil con-
figured to locate the electrode assembly at the upper sur-
face thereof, the anvil facing the lower surface of the elec-
trode assembly, a plurality of horn protrusions and a plu-
rality of anvil protrusions configured to pressurize the
electrode assembly in order to form pressure welding
portions may be provided at surfaces of the horn and the
anvil, respectively, the size of a welding surface of one
of the anvil protrusions and the size of a welding surface
of one of the horn protrusions may be different from each
other, and the anvil protrusions and the horn protrusions
may be disposed opposite each other so as to overlap
each other.

[0027] Also, in a tenth embodiment, in any one having
a smaller size of the welding surface selected from be-
tween one of the anvil protrusions or one of the horn
protrusions, the sum of areas of portions of the welding
surface of the anvil or the horn at which the protrusions
are formed may be less than the sum of areas of the
portions at which no protrusions are formed.

[0028] As an eleventh embodiment, the presentinven-
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tion may provide a method of manufacturing the second-
ary battery, the method including stacking positive elec-
trodes and negative electrodes such that a separator is
located on at least one surface of each of the positive
electrodes and the negative electrodes, locating elec-
trode tabs between a horn and an anvil for ultrasonic
welding, performing ultrasonic welding in order to form a
bundle of electrode tabs, performing laser welding in or-
der to connect an electrode lead to the bundle of elec-
trode tabs, and receiving an electrode assembly connect-
ed to the electrode lead in a battery case, wherein sizes
of pressure welding portions formed at opposite surfaces
of the bundle of electrode tabs in the step of performing
ultrasonic welding may be different from each other, and
the size of one of the pressure welding portions formed
in the direction in which coupling with the electrode lead
is performed may be less than the size of one of the
pressure welding portions formed in the opposite direc-
tion.

[0029] Also, in a twelfth embodiment, the step of per-
forming laser welding may be applying a laser above the
outer surface of the bundle of electrode tabs or above
the outer surface of the electrode lead to melt the bundle
of electrode tabs and the electrode lead.

[Description of Drawings]
[0030]

FIG. 1is aperspective view of an electrode assembly
according to the present invention.

FIG. 2 is a side view showing the state in which elec-
trode tabs are located between a horn and an anvil
of an ultrasonic welding apparatus in order to form
a bundle of electrode tabs.

FIG. 3 is a vertical sectional view of a bundle of elec-
trode tabs according to a concrete embodiment.
FIG. 4 is an upward perspective view and a down-
ward perspective view of the bundle of electrode tabs
of FIG. 3.

FIG. 5is a side view of the state in which the bundle
of electrode tabs is coupled to an electrode lead.
FIG. 6 is a perspective view of a horn and an anvil
of an ultrasonic welding apparatus according to the
present invention.

[Best Mode]

[0031] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings such that the preferred embod-
iments of the present invention can be easily implement-
ed by a person having ordinary skill in the art to which
the present invention pertains. In describing the principle
of operation of the preferred embodiments of the present
invention in detail, however, a detailed description of
known functions and configurations incorporated herein
will be omitted when the same may obscure the subject
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matter of the present invention.

[0032] Inaddition, the same reference numbers will be
used throughout the drawings to refer to parts that per-
form similar functions or operations. In the case in which
one part is said to be connected to another part in the
specification, not only may the one part be directly con-
nected to the other part, but also, the one part may be
indirectly connected to the other part via a further part.
In addition, that a certain element is included does not
mean that other elements are excluded, but means that
such elements may be further included unless mentioned
otherwise.

[0033] Anelectrode assembly according to the present
invention includes a structure in which flat electrode
plates having electrode tabs protruding from one side or
opposite sides thereof are stacked in the state in which
separators are interposed therebetween, and may be a
stacked type electrode assembly configured such that a
plurality of positive electrode plates and a plurality of neg-
ative electrode plates are stacked in the state in which
separators are interposed therebetween, a stacked/fold-
ed type electrode assembly configured such that stacked
type unit cells, each of which includes two or three elec-
trodes, are wound in the state of being located on a sep-
aration film so as to be spaced apart from each other by
a predetermined distance, or a laminated/stacked type
electrode assembly configured such that the unit cells
are laminated in the state of being stacked in a plurality
of numbers in the vertical direction.

[0034] The electrode tabs protruding from the elec-
trode assembly are coupled to each other by welding in
order to form a bundle of positive electrode tabs and a
bundle of negative electrode tabs, which are then cou-
pled to a positive electrode lead and to a negative elec-
trode lead, respectively, so as to function as electrode
terminals.

[0035] Inconnection therewith, FIG. 1 is a perspective
view showing an electrode assembly according to the
present invention.

[0036] Referring to FIG. 1, the electrode assembly 10
is a stacked type electrode assembly having a structure
in which flat electrode plates 11 are stacked, wherein
positive electrode tabs 12 are coupled to each other in
the state of protruding to one side thereofin order to form
a bundle of positive electrode tabs 14 and negative elec-
trode tabs 13 are coupled to each other in the state of
protruding to one side thereof in order to form a bundle
of negative electrode tabs 15. The bundle of positive elec-
trode tabs 14 is coupled to a positive electrode lead 16,
which extends outside a battery case to constitute a pos-
itive electrode terminal, and the bundle of negative elec-
trode tabs 15 is coupled to a negative electrode lead 17,
which extends outside the battery case to constitute a
negative electrode terminal.

[0037] FIG. 2is a side view showing the state in which
electrode tabs are located between a horn and an anvil
of an ultrasonic welding apparatus in order to form a bun-
dle of electrode tabs.
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[0038] Referring to FIG. 2, the ultrasonic welding ap-
paratus includes a horn 210 located at the upper surface
of electrode tabs, the horn being configured to pressurize
the electrode tabs while applying ultrasonic waves, and
an anvil 310 configured to locate the electrode tabs 101
and 102 at the upper surface thereof.

[0039] The electrode tabs 101 and 102 in the stacked
state are located between the horn 210 and the anvil 310,
and ultrasonic waves are applied to the electrode tabs
101 and 102 in order to couple the electrode tabs to each
other and thus to form a bundle of electrode tabs 110.
[0040] In general, the ultrasonic welding apparatus in-
cludes an ultrasonic oscillator, an ultrasonic vibrator, a
booster, a horn, and an anvil.

[0041] The ultrasonic oscillator converts an AC current
of 60 Hz into a high-frequency current of 20 kHz or higher,
and supplies the high-frequency current to the ultrasonic
vibrator.

[0042] The ultrasonic vibrator functions to convert
electrical energy into mechanical energy, and is also
called an ultrasonic piezoelectric element. Thatis, a high-
frequency current generated by the ultrasonic oscillator
is converted into ultrasonic waves by the ultrasonic vi-
brator, and the ultrasonic waves converted as described
above are transmitted to the booster. The booster am-
plifies the received ultrasonic waves, and transmits the
amplified ultrasonic waves to the horn.

[0043] The horn pressurizes the surface of the elec-
trode tabs placed on the anvil at a predetermined load,
and at the same time applies the amplified ultrasonic
waves, received from the booster, to the electrode tabs
in order to weld a plurality of positive electrode tabs to
each other and to weld a plurality of negative electrode
tabs to each other.

[0044] In FIG. 2, horn protrusions 211, each of which
is formed so as to have a trapezoidal shape in vertical
section, are formed onthe horn 210, and anvil protrusions
311, each of which is formed so as to have a semielliptical
shape in vertical section, are formed on the anvil 310.
[0045] Inaconcrete example, one of the opposite sides
of abundle of electrode tabs formed by welding electrode
tabs is coupled to an electrode lead. In order to increase
the force of coupling between the electrode lead and the
bundle of electrode tabs, the area of a pressure welding
portion formed at one side of the bundle of electrode tabs,
which is coupled to the electrode lead, is preferably
formed so as to be less than the area of a pressure weld-
ing portion formed at the other side of the bundle of elec-
trode tabs, which is not coupled to the electrode lead.
[0046] For example, in the case of FIG. 2, the size of
a welding surface 312 of each of the anvil protrusions
311 formed at the anvil 310 is formed so as to be less
than the size of a welding surface 212 of each of the horn
protrusions 211 formed at the horn 210, and a pressure
welding portion by each of the horn protrusions 211 is
formed so as to be larger than a pressure welding portion
by each of the anvil protrusions 311.

[0047] Thatis, in the case in which electrode tabs are
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coupled to each other to form a bundle of electrode tabs,
an electrode lead is preferably coupled to the electrode
tab 102, since the size of a pressure welding portion
formed at the electrode tab 102 side that faces the anvil
310 is formed so as to be relatively small.

[0048] In addition, since the electrode lead is attached
to the outer surface of the bundle of electrode tabs 110
that faces the anvil 310, non-pressure welding portions
of the outer surface of the bundle of electrode tabs to
which the electrode lead is attached are wide. The dis-
tance between the respective protrusions 311 formed at
the anvil 310 may be formed so as to be greater than the
distance between the respective protrusions 211 formed
at the horn 210.

[0049] The bundle of electrode tabs is coupled to the
electrode lead at the outer surface of the uppermost elec-
trode tabs or the outer surface of the lowermost electrode
tabs. The outer surface of the electrode tab that is con-
nected to the electrode lead is referred to as a first sur-
face, and the outer surface of the electrode tab that is
located so as to be opposite the first surface based on
the bundle of electrode tabs is referred to as a second
surface.

[0050] The first surface includes a plurality of first pres-
sure welding portions and a plurality of first non-pressure
welding portions excluding the first pressure welding por-
tions, the second surface includes a plurality of second
pressure welding portions and a plurality of second non-
pressure welding portions excluding the second pressure
welding portions, and the area of one of the first pressure
welding portions is formed so as to be less than the area
of one of the second pressure welding portions.

[0051] The pressure welding portion, more specifically
the first pressure welding portions and the second pres-
sure welding portions, is a portion at which coupling is
performed by welding, and is used as the same meaning
as an intaglio welding portion, and the non-pressure
welding portion, more specifically the first non-pressure
welding portions and the second non-pressure welding
portions, is a non-coupling portion that is not welded, and
is used as the same meaning as a relief welding portion.
[0052] Specifically, since the first surface is a portion
at which the bundle of electrode tabs and the electrode
lead are connected to each other, the intaglio welding
portion is preferably narrow and the relief welding portion
is preferably wide in order to widen an adhesive surface
with the electrode lead. Since the coupling portion of the
electrode tabs is narrowed as the intaglio welding portion
is narrowed, however, poorjoining between the electrode
tabs may occur, for example, a gap may be formed be-
tween the electrode tabs. In order to prevent this, the
entire area of the second pressure welding portions,
which are an intaglio welding portion, of the second sur-
face is formed so as to be greater than the entire area of
the first pressure welding portions of the first surface.
[0053] In addition, the area of one of the first pressure
welding portions is formed so as to be less than the area
of one of the second pressure welding portions, whereby
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the second pressure welding portions and the first pres-
sure welding portions may overlap each other. When
considering that the relief welding portion of the first sur-
face is preferably relatively wide and the intaglio welding
portion of the second surface is preferably relatively wide,
the sum of the areas of the first pressure welding portions
of the first surface may be less than the sum of the areas
of the second pressure welding portions of the second
surface.

[0054] The vertical section of each of the first pressure
welding portions and the second pressure welding por-
tions may be formed in the shape of at least one of a
straight line, a curved line, a trapezoid, a rectangle, a
semiellipse, a semicircle, or a combination thereof, and
the vertical section of each of the first pressure welding
portions and the vertical section of each of the second
pressure welding portions may be differentin shape from
each other.

[0055] In connection therewith, FIG. 3 is a vertical sec-
tional view of a bundle of electrode tabs according to a
concrete embodiment, and FIG. 4 is an upward perspec-
tive view and a downward perspective view of the bundle
of electrode tabs of FIG. 3. The bundle of electrode tabs
is configured to have an integral structure in which a plu-
rality of electrode tabs is welded in the state of being
stacked, and the border between the stacked tabs is not
shown for convenience of understanding.

[0056] Referring to FIGS. 3 and 4, opposite surfaces
of abundle of electrode tabs 120, 130, 140, or 150 include
a first surface 121, 131, 141, or 151, which is coupled to
an electrode lead, and a second surface 122, 132, 142,
or 152, which is opposite the first surface.

[0057] First pressure welding portions 123, 133, 143,
or 153 and first non-pressure welding portions 125, 135,
145, or 155 are formed at the first surface 121, 131, 141,
or 151, and second pressure welding portions 124, 134,
144, or 154 and second non-pressure welding portions
126, 136, 146, or 156 are formed at the second surface
122,132, 142, or 152. When considering that the vertical
sectional shape of each of the pressure welding portions
is variously formed, the maximum surface-side diameter
a1, b1, c1, or d1 of each of the first pressure welding
portions 123, 133, 143, or 153 is formed so as to be less
than the maximum surface-side diameter a2, b2, c2, or
d2 of each of the second pressure welding portions 124,
134, 144, or 154.

[0058] Specifically, the diameter a1, b1, c1, or d1 of
each of the first pressure welding portions 123, 133, 143,
or 153 may be formed so as to be 70% or less, more
specifically 50% or less, of the diameter a2, b2, ¢2, or d2
of each of the second pressure welding portions 124,
134, 144, or 154. Consequently, each of the second pres-
sure welding portions overlaps at least one of the first
pressure welding portions, whereby it is possible to pre-
vent an empty space from being formed between the
electrode tabs.

[0059] Also, in order to secure uniform weldability at
the entirety of the bundle of electrode tabs and to easily
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perform the process of forming the first pressure welding
portions and the second pressure welding portions so as
to overlap each other, the distances a3, b3, c3, or d3
between the first pressure welding portions 123, 133,
143, or 153 in the x direction and the y direction are
formed so as to have uniform sizes, and the distances
a4, b4, c4, or d4 between the second pressure welding
portions 124, 134, 144, or 154 in the x direction and the
y direction are formed so as to have uniform sizes.
[0060] FIG. 5 is a side view of the state in which the
bundle of electrode tabs is coupled to an electrode lead.
[0061] Referringto FIG. 5, the bundle of electrode tabs
120 is formed such that the first pressure welding portions
123 of thefirst surface 121 and the second pressure weld-
ing portions 124 of the second surface 122 overlap each
other in the vertical direction, the first surface 121 of the
bundle of electrode tabs 120 is coupled to the electrode
lead 160.

[0062] In FIG. 5, the state in which a laser is applied
from outside the electrode lead 160 in order to couple
the bundle of electrode tabs 120 to the electrode lead
160 is shown. However, the direction in which the laser
is applied is not limited to the direction toward the elec-
trode lead, and the laser may be applied from outside
the bundle of electrode tabs 120.

[0063] The laser passes through the electrode lead
160 and the bundle of electrode tabs 120, and melts the
overlapping portion of the electrode lead 160 and the
bundle of electrode tabs 120 to couple the electrode lead
and the bundle of electrode tabs to each other. The size
of one of laser welding portions 170 is greater than the
size of one of the first pressure welding portions 123, and
is less than the size of one of the second pressure welding
portions 124. The laser passes through the overlapping
portions of the first pressure welding portions 123 and
the second pressure welding portions 124, and the laser
welding portions 170 may be formed so as to overlap the
second pressure welding portions 124 therein. Conse-
quently, the electrode lead 160 may be coupled to the
coupling portions of the electrode tabs.

[0064] As a result, no space is formed between the
bundle of electrode tabs 120 and the electrode lead 160,
and it is possible to increase the area of the tight coupling
portions thereof.

[0065] FIG. 6 is a perspective view of a horn and an
anvil of an ultrasonic welding apparatus according to the
present invention.

[0066] Referring to FIGS. 6(a) to 6(d), the size of the
welding surface of one of anvil protrusions 321, 331, 341,
or 351 formed at an anvil 320, 330, 340, or 350 is formed
so as to be less than the size of the welding surface of
one of horn protrusions 221, 231, 241, or 251 formed at
a horn 220, 230, 240, or 250.

[0067] Although FIG. 6 exemplarily shows the shape
of the horn protrusions 221, 231, 241, and 251 and the
anvil protrusions 321, 331, 341, and 351, the combination
of the anvil and the horn is not limited to what is shown
in FIG. 6 as long as the size of the welding surface of
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one of the protrusions formed at the anvil is selected so
as to be less than the size of the welding surface of one
of the protrusions formed at the horn.

[0068] Also, inthe caseinwhich the surface ofabundle
of electrode tabs that contacts the anvil, which is one of
the opposite surfaces of the bundle of electrode tabs, is
coupled to an electrode lead, the area of a relief welding
portion is preferably greater than the area of an intaglio
welding portion at the contact surface between the elec-
trode lead and the bundle of electrode tabs in order to
widen the contact surface, and the sum of the areas of
the welding surfaces of the protrusions formed at the anvil
may be formed so as to be less than the sum of the areas
of the portions at which no protrusions are formed.
[0069] Those skilled in the art to which the present in-
vention pertains will appreciate that various applications
and modifications are possible based on the above de-
scription, without departing from the scope of the present
invention.

(Description of Reference Symbols)
[0070]

10: Electrode assembly

11: Electrode plates

12: Positive electrode tabs

13: Negative electrode tabs

14: Bundle of positive electrode tabs

15: Bundle of negative electrode tabs

16: Positive electrode lead

17: Negative electrode lead

101, 102: Electrode tabs

110, 120, 130, 140, 150: Bundles of electrode tabs
121, 131, 141, 151: First surfaces

122, 132, 142, 152: Second surfaces

123, 133, 143, 153: First pressure welding portions
124, 134, 144, 154: Second pressure welding por-

tions

125, 135, 145, 155: First non-pressure welding por-
tions

126, 136, 146, 156: Second non-pressure welding
portions

160: Electrode lead

170: Laser welding portions

210, 220, 230, 240, 250: Horns

211, 221, 231, 241, 251: Horn protrusions

212, 312: Welding surfaces of protrusions

310, 320, 330, 340, 350: Anvils

311, 321, 331, 341, 351: Anvil protrusions

a1, b1, c1, d1: Diameters of first pressure welding
portions

a2,b2,c2,d2: Diameters of second pressure welding
portions

a3, b3, c3, d3: Distances between first pressure
welding portions

a4, b4, c4, d4: Distances between second pressure
welding portions
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[Industrial Applicability]

[0071] As is apparent from the above description, the
presentinvention is capable of forming pressure welding
portions at one surface of a bundle of electrode tabs that
is coupled to an electrode lead, among welding portions
of the bundle of electrode tabs, so as to be relatively small
at the time of ultrasonic welding to form the bundle of
electrode tabs, whereby it is possible to widen the contact
surface with the electrode lead.

[0072] Consequently, itis possible to improve coupling
strength of the portions at which the bundle of electrode
tabs is connected to the electrode lead.

[0073] In addition, relatively large pressure welding
portions are formed at the other surface of the bundle of
electrode tabs that is not coupled to the electrode lead,
whereby it is possible to prevent ultrasonic non-welding
portions from being formed at the time of forming the
bundle of electrode tabs.

[0074] Inaddition, the connection portions between the
bundle of electrode tabs and the electrode lead are
formed in the relatively large pressure welding portions
so as to overlap each other, whereby it is possible to
prevent a space from being formed between the bundle
of electrode tabs and the electrode lead and thus to
achieve tight coupling.

Claims

1. An electrode assembly configured to have a struc-
ture in which a plurality of positive electrodes and a
plurality of negative electrodes are alternately
stacked, the electrode assembly comprising:

positive electrode tabs and negative electrode
tabs protruding from a one-side outer edge or
opposite-side outer edges of the positive elec-
trodes and the negative electrodes, respective-
ly, and

bundles of electrode tabs, the positive electrode
tabs and the negative electrode tabs are con-
nected to electrode leads in a state of being cou-
pled to each other between identical electrodes
in order to form the bundles of electrode tabs,
wherein each of the bundles of electrode tabs
comprises a first surface connected to a corre-
sponding one of the electrode leads and a sec-
ond surface opposite the first surface,

the first surface comprises a plurality of first
pressure welding portions and a plurality of first
non-pressure welding portions excluding the
first pressure welding portions,

the second surface comprises a plurality of sec-
ond pressure welding portions and a plurality of
second non-pressure welding portions exclud-
ing the second pressure welding portions, and
an area of one of the first pressure welding por-
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tions is less than an area of one of the second
pressure welding portions.

The electrode assembly according to claim 1, where-
in a vertical section of each of the first pressure weld-
ing portions and the second pressure welding por-
tions is formed in a shape of at least one of a trape-
zoid, a rectangle, a semiellipse, a semicircle, and a
combination thereof.

The electrode assembly according to claim 1, where-
in a vertical section of each of the first pressure weld-
ing portions and a vertical section of each of the sec-
ond pressure welding portions are different in shape
from each other.

The electrode assembly according to claim 1, where-
in a maximum surface-side diameter of each of the
first pressure welding portions in vertical section is
less than a maximum surface-side diameter of each
of the second pressure welding portions in vertical
section.

The electrode assembly according to claim 1, where-
in distances between the first pressure welding por-
tions and distances between the second pressure
welding portions are uniformly formed.

The electrode assembly according to claim 1, where-
in an entire area of the first pressure welding portions
of the first surface is less than an entire area of the
first non-pressure welding portions of the first sur-
face.

The electrode assembly according to claim 1, where-
in each of the bundles of electrode tabs is connected
to a corresponding one of the electrode leads by la-
ser welding, and laser welding portions are formed
at portions that overlap the second pressure welding
portions.

The electrode assembly according to claim 7, where-
in an area of one of the laser welding portions is
greater than an area of one of the first pressure weld-
ing portions, and is less than an area of one of the
second pressure welding portions.

An ultrasonic welding apparatus configured to man-
ufacture the electrode assembly according to any
one of claims 1 to 8, the ultrasonic welding apparatus
comprises:

a horn configured to apply ultrasonic waves
while pressurizing an upper surface of the elec-
trode assembly and an anvil configured to locate
the electrode assembly at an upper surface
thereof, the anvil facing a lower surface of the
electrode assembly,
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a plurality of horn protrusions and a plurality of
anvil protrusions configured to pressurize the
electrode assembly in order to form pressure
welding portions are provided at surfaces of the
horn and the anvil, respectively,

a size of a welding surface of one of the anvil
protrusions and a size of a welding surface of
one of the horn protrusions are different from
each other, and

the anvil protrusions and the horn protrusions
are disposed opposite each other so as to over-
lap each other.

10. The ultrasonic welding apparatus according to claim

1.

9, wherein, in any one having a smaller size of the
welding surface selected from between one of the
anvil protrusions or one of the horn protrusions, a
sum of areas of portions of the welding surface of
the anvil or the horn at which the protrusions are
formed is less than a sum of areas of the portions at
which no protrusions are formed.

A method of manufacturing a secondary battery
comprising the electrode assembly according to any
one of claims 1 to 8, the method comprising:

stacking positive electrodes and negative elec-
trodes such that a separatorislocated on atleast
one surface of each of the positive electrodes
and the negative electrodes;

locating electrode tabs between a horn and an
anvil for ultrasonic welding;

performing ultrasonic welding in order to form a
bundle of electrode tabs;

performing laser welding in order to connect an
electrode lead to the bundle of electrode tabs;
and

receiving an electrode assembly connected to
the electrode lead in a battery case, wherein
sizes of pressure welding portions formed at op-
posite surfaces of the bundle of electrode tabs
in the step of performing ultrasonic welding are
different from each other, and

a size of one of the pressure welding portions
formed in a direction in which coupling with the
electrode lead is performed is less than a size
of one of the pressure welding portions formed
in an opposite direction.

12. The method according to claim 11, wherein the step

of performing laser welding is applying a laser above
an outer surface of the bundle of electrode tabs or
above an outer surface of the electrode lead to melt
the bundle of electrode tabs and the electrode lead.
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